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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day). Uncertainty £9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.4 32 4.3 54 6.0 6.5 6.2 5.6 4.7 3.7 2.6 2.1 44
Min/Max | 2.0/2.7 26/3.7 3.7/49 | 4.6/65 55/6.6 58/7.1| 5370 50/62 3.9/52| 32/43 2030 L19/23|42/45
Latitude -15 Average 34 4.2 51 58 6.1 6.3 6.1 59 53 4.6 3.6 3.1 5.0
; Min/Max | 2.7/4.1  3.1/50 4.2/59 | 48/7.1 55/6.6 57/69 | 54/7.0 52/65 43/60 | 3.855 2.6/44 2736 | 4.7/5.2
Latiude Average 39 4.6 53 5.7 57 5.8 5.7 3.7 53 5.0 4.0 3.6 5.0
g Min/Max | 2.9/4.8 3.3/5.6 4.3/62 | 47/69 5.2/62 53/64 | 5165 5063 42/6.1 | 4059 2851 3.043 ] 4752
{ailiude 615 Ajvfel'age 42 4.8 52 B a1 5.0 5.0 52 51 5.0 4.3 3.8 4.8
Min/Max | 3.1/5.2  3.3)58 4.2/6.1 | 44/65 4.6/55 4.6/55 | 44/57 45/58 40/59 | 3.9/60 29/54 32/46 |45/50
90 Average 3.8 4.0 ) 32 2.6 24 23 19 34 4.0 = a5 33
Min/Max | 2.6/49 2.7/48 3.0/45|27/38 2428 22/25| 23/27 2632 2740/| 3.048 2548 2943 | 3.1/35
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 34 4.6 59 7.2 T 8.2 7.8 7.2 6.2 Si1 37 3.0 5.8
Min/Max | 2.6/43 32/56 4.7/7.0 | 5793 7.0/86 7.1/93| 6789 6.1/8.1 49/72 | 4.1/62 2546 2.6/3.6|55/6.1
Latitude -15 Average 4.2 53 6.5 b 7.8 8.2 7.8 T8 6.7 55 4.4 38 6.3
Min/Max | 3.1/5.3 3.6/6.5 5.1/7.8 | 59/98 7.0/88 7.1/9.2 | 67/89 6.2/84 52/78 | 45/7.1 3.0/56 3.2/4.6 | 59/6.6
Latitods Average 4.6 5.6 6.6 74 7.6 7.8 63 13 6.7 6.1 4.8 4.1 6.4
; Min/Max | 3.3/5.9 3.8/6.9 5.2/80 | 59/97 6.8/85 06.8/89 | 64/86 6.1/83 52/79| 47/75 32/6.1 35/5.1 | 6.0/6.7
Latitids +15 Average 4.8 5.7 6.0 2.1 A 7.3 7.0 7.0 6.6 6.2 5.0 4.4 6.2
Min/Max | 3.4/62 3.8/7.1 5.1/79 | 56/94 64/80 63/83 | 6.0/80 5879 50/77 | 47/75 33/64 3.6/54 | 5.9/6.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Unceriainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
gUNais Average 4.9 a7 6.7 7.5 7.9 8.3 7.9 1.3 6.8 6.2 5.0 4.4 6.6
Min/Max | 3.5/6.3 3.8/7.1 52/80|6.0/98 7.1/89 7.2/94| 68/9.1 63/85 52/79| 47776 33/64 3.7/55 | 6.2/69
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainiy 8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 2.9 32 34 3.6 iy 3.9 3.6 34 32 34 29 2.7 3.3
Horiz Axis Min/Max | 1.7/4.1 1.6/43 22/43 | 23/53 2945 30048 2845 2542 21411 22/45 1.7/4.1 2.0/3.6 | 3.0/3.6
1-Axis, N-S Average 23 3.0 39 4.7 4.8 N | 4.7 44 3.9 34 24 20 3.7
Horiz Axis Min/Max | 1.4/3.2 15/4.1 25/50|29/70 3.859 4.0/63 | 3.6/57 32/54 2.6/51 | 22/46 13/33 14/2.6|3.3/4.0
1-Axis, N-S | Average 32 3.9 4.5 49 4.7 4.8 45 45 43 42 33 29 4.1
Tilt=Latitude | Min/Max | 1.9/4.6 2.0/5.3 2958 | 3.1/7.3 3.7/58 3.7/59 | 34/55 32/55 2957 | 2.8/57 1946 22/39 | 3.8/4.5
5 figia Average 3.5 4.0 4.5 5.0 4.9 52 4.8 4.6 4.3 4.3 33 3.2 4.3
™ Min/Max | 2.1/49 20/54 29/58 |3.2/74 39/6.1 40/64 | 3.6/59 33/56 29/57 | 2857 2.0/49 2.3/42 | 3.94.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 1.2 29 8.0 13.2 17.8 2 242 237 20.1 13.9 8.7 3.6 133
Daily Minimum Temp -4.1 2.6 19 6.6 11.4 16.0 18.4 18.0 14.3 7.6 2. -1.6 74
Daily Maximum Temp 6.4 84 14.1 19.8 242 28.1 30.0 204 25.8 20.2 145 8.7 19.1
Record Minimum Temp | -23.3 -17.8 -13.9 -6.7 -0.6 4.4 9.4 7.2 2.2 -0.1 -13.3 -20.0 -23.3
Record Maximum Temp | 24.4 26.1 30.6 333 339 37.8 354 389 383 339 283 25.6 394
HDD, Base 18.3°C 531 432 321 157 53 3 0 0 18 150 288 458 2411
CDD, Base 18.3°C 0 0 0 0 37 115 183 166 69 12 0 0 582
Relative Humidity (%) 63 63 61 58 69 71 73 75 75 69 66 66 68
Wind Speed (m/s) 35 335 3.8 38 3.1 3.0 27 23 2.8 3.0 3.3 3.4 =
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Norfolk, VA

WBAN NO. 13737

LATITUDE: 36.90° N

LONGITUDE: 76.20° W

ELEVATION: 9 meters

MEAN PRESSURE: 1017 millibars

STATION TYPE: Secondary

Monthly Radialion (kWh/m“/day)

Variability of Latitude Fixed-Tilt Radiation

1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%

Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year

0 Average 23 30 4.1 3.1 58 6.2 39 54 43 33 2:5 2.0 42
Min/Max | 1.9/2.6 2.4/3.6 34/4.6 | 43/6.1 50/64 506/67 | 52/6.7 46/6.1 39/5.1 2.6/4.0 1.9/29 1.7/2.3 | 4.0/4.4

Latitude 15 Average a2 3.9 48 - 58 6.0 38 5.6 5.0 4.3 35 28 4.7
$ Min/Max | 2.4/3.9 29/49 38/55 | 45/6.6 5.0/65 55/6.6 | 51/67 48/64 43/58 | 3.0/51 24/43 2.3/34 | 44/5.0

Tt Average 3.6 4.3 4.9 54 3.9 5.6 54 5.4 5.1 4.6 39 3.4 4.8
Min/Max | 2.6/4.5 3.0/54 3.9/57 | 44/65 4.7/6.1 5.1/6.1 48/6.2 4.6/6.2 4.3/59 | 3.1/55 2.6/49 2.6/4.0 | 4.4/5.0

{ atitads-+15 Average 38 44 4.8 5.0 4.8 4.8 4.8 49 4.9 4.7 4.1 3.6 4.6
Min/Max | 2.7/49 3.0/5.7 38/5.6 | 4.1/6.1 42/54 44/52 | 42/54 42/57 4.1/57 | 3.0/5.6 2.6/52 2.8/43 | 42/48

90 Average 3.4 3.6 34 3.0 25 23 23 28 3:3 3.6 3.6 33 3l
) Min/Max | 2.3/45 24/4.8 27/40 | 25/3.5 22/27 22/24 | 2.1/26 243.1 2738 | 2.3/44 22/46 24/40 | 2.8/3.3

Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a

North-South Axis (kWh/

m?/day), Uncertainty +9%

Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 32 4.2 55 6.7 7.3 (R 7.4 6.9 79 4.8 3.6 29 955
Min/Max | 2.3/4.0 2.9/54 42/64 | 53/84 6.0/85 6.887 | 6.1/87 5581 4870 | 3.2/58 23/44 22/33]5.1/58
Latitude -15 Average 39 4.9 6.0 Tl 7.4 T T4 el 6.3 34 43 55 5.9
j < | Min/Max | 2.8/49 33/63 4.6/7.1 | 54/89 6.0/86 6.7/86| 6.1/8.7 5784 51/76| 3566 2.7/53 27/42| 55/63
Tatitude Average 42 5:1 6.2 7.0 Tl 7.4 7. 7.0 6.4 56 4.6 39 6.0
Min/Max | 3.0/54 34/68 4.6/7.2 | 54/88 358/83 64/83 | 5884 5683 52/7.7| 35/69 29/58 2.9/4.7|55/6.3
balliacde 415 Average 4.4 e 6.1 6.7 6.7 6.9 6.6 6.6 6.2 o N 4.8 4.1 58
Min/Max | 3.0/57 34/69 45/72|5.1/85 55/79 6.0/7.7 | 54/78 53/79 50/75 | 3.5/10 2.9/6.1 3.0/49 | 5.4/6.2
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9% "
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
R Average 4.4 53 6.2 g il 7.4 s T 7.1 6.4 3.7 4.8 4.1 6.2
i Min/Max | 3.0/5.8 34/69 4.7/7.3 |55/89 6.1/8.7 69/88 | 6.2/89 57/84 52/77 | 3.6/70 29/6.1 3.1/50 | 57/6.5
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 2.6 29 3.1 33 34 3.6 34 32 3.0 3.0 2.9 ot 3.1
Horiz Axis Min/Max | 1.5/3.8 14/43 2.0/39 | 2.0/49 2443 28/44| 24/44 2342 2241 1.5/4.1 1.3/4.0 1.6/33 | 2.7/34
1-Axis, N-S | Average | 2.1 2.7 3.6 43 45 4,7 43 4.1 3.6 3.1 23 1.8 34
Horiz Axis Min/Max | 1.1/3.0 13/4.1 23/45 | 26/63 3.1/5.7 3.6/58 | 3.0/59 2855 26/50 | 1542 1033 L1/23 | 3.0/38
1-Axis, N-S | Average 29 %5 4.1 4.5 4.3 4.4 4.1 4.2 4.0 38 3.2 2 3.8
Tilt=Latitude | Min/Max | 1.6/4.2 1.7/53 26/52 | 27/66 3.0/56 3464 | 289/56 2955 2855 1.9/5.1 1.5/45 1.7/3.5 | 3.3/42
5. Aste Average L 3.6 4.1 4.0 4.6 4.8 4o 4.3 4.0 38 34 5 4.0
Min/Max | 1.7/45 1.7/54 2.6/52 | 2.8/6.7 32/59 3.7/59| 3.1/6.0 29/57 29/55| 1952 1548 18/3.8 | 3.5/44
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 39 3.0 9.2 13.9 18.9 234 257 25.1 222 16.2 11.4 6.6 15.1
Daily Minimum Temp -0.6 0.2 4.1 8.4 13.8 18.4 21.1 20.8 178 11.6 6.6 1.9 10.3
Daily Maximum Temp 8.5 9.8 14.4 19.4 24.1 28.3 302 285 264 20.8 16.2 1.2 19.9
Record Minimum Temp | -19.4 -13.3 -7.8 -2.2 22 7. 122 9.4 1.2 -2.8 -6.7 -13.9 -19.4
Record Maximum Temp | 25.6 2772 215 36.1 37.8 383 39.4 40.0 3.2 35.0 30.0 26.7 40.0
HDD, Base 18.3°C 446 373 282 138 28 Q 0 0 6 91 211 365 1942
CDD, Base 18.3°C 0 0 0 3 47 154 227 210 121 26 0 0 790
Relative Humidity (%) 66 66 63 63 69 “al 73 75 74 72 69 67 69
Wind Speed (m/s) 51 54 5.6 LR 4.8 45 4.1 4.0 44 4.6 4.8 5.1 4.8
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Monthly Radiation (kKWh/m?/day)

—— 1961-1990 Average

Variability of Latitude Fixed-Tilt Radiation

Richmond, VA

WBAN NO. 13740

LATITUDE: 37.50° N

LONGITUDE: 77.33° W
ELEVATION: 50 meters
MEAN PRESSURE: 1012 millibars

STATION TYPE: Secondary
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
0 Average 73 3.0 4.1 52 5.8 6.3 6.0 5.4 45 35 25 2.0 4.2
Min/Max | 2.0/25 24/35 34/46 | 45/61 53/64 55/6.8| 52/67 4.8/60 40/51( 2841 2029 1823 | 4.0/44
Latitude -15 | Average | 32 3.9 48 5.5 5.8 6.1 5.9 5.7 5.1 4.4 3.5 2.9 47
Min/Max | 2.5/3.8 29/48 3.8/54 | 47/6.7 5.3/65 5.3/6.6 | 52/6.7 4.9/63 44/59 | 33/52 27/43 2436 | 45/50
Lititide Average 3.6 43 5.0 54 5.5 5.6 5.5 55 5.2 47 39 3.3 4.8
Min/Max | 2.8/44 3.0/54 39/5.6 | 4.6/6.6 35.0/6.1 49/6.1 | 48/63 4.7/6.1 44/6.0 | 34/56 2948 2.7/42 | 45/5.1
Latituds 415 Average 39 4.4 49 5.0 4.9 4.9 4.8 5.0 4.9 48 4.1 3.6 4.6
Min/Max | 2.9/4,7 3.0/5.6 3.7/55 | 43/6.1 45/54 43/53 | 42/55 43/56 4.2/58 | 33/57 3.0/52 28/46 | 4.3/49
90 Average 35 37 3.5 3 2.6 24 24 2.8 3.3 3.7 3.6 33 3.2
Min/Max | 2.5/44 24/47 2741 | 23/37 2427 22/25| 22727 2531 2839 2545 26146 2543|2934
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
[ Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 3.d 4.2 5.8 6.8 7.3 7.9 7 6.9 59 4.8 3.3 2.8 5.5
Min/Max | 2.5/3.8 29/53 4.3/63|55/85 65/85 6.6/89 | 63/86 5780 49/7.0( 3558 26/44 22/35|35.1/6.0
Latitade-15 Average 39 49 6.1 T 7.4 7.8 T 13 | 6.4 53 42 35 6.0
Min/Max | 3.04.8 3.2/63 4.6/7.0| 5.89.0 65/86 65/88 | 63/86 5.8/82 53/7.6| 3867 3.1/54 2745 | 55/65
T At Average 4.3 o 6.2 7.0 e 13 T2 7.0 6.5 5.7 4.6 38 6.0
Min/Max | 3.2/53 3.3/6.7 4.6/7.1 | 57/89 6.3/83 6.3/85 | 6.0/83 5781 53/7.7( 3970 3.3/58 3.0/5.0 | 5.5/6.5
Latitude +15 Ayeragc 4.5 53 6.1 6.7 6.8 7.0 6.7 6.7 6.3 5.8 4.8 4.1 3.8
Min/Max | 3.2/55 3.3/69 45/7.1 |54/86 59/78 5879 | 56/7.7 5417 5.1/7.5| 3.9/7.1 34/6.1 3.1/5.3 | 5.4/64
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty 9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Sokisis Average 4.5 53 6.2 7.1 T3 8.0 7.6 7.2 6.5 58 4.8 4.1 6.2
) Min/Max | 3.3/56 3.4/69 4.6/72 | 58/090 6.6/87 6.7/9.0| 64/87 5983 5377 | 3971 3461 3.1/53|57/68
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, B-W | Average 2.6 2.8 3.0 3.2 o 3.6 33 3.1 3.0 301 2.8 24 3.0
Horiz Axis Min/Max | 1.5/3.5 1.2/43 1.7/3.7 | 2.1/46 25/43 2.6/45 | 2442 2240 22/38 | L5/4.1 1.7/39 16/35 | 26/35
1-Axis, N-S | Average 2.0 23 335 42 4.3 4.7 4.3 4.0 36 3.1 - ! 13 3.4
Horiz Axis Min/Max | 1.2/2.7 1.2/40 2.0/44 | 27/60 33/56 33/58)| 3.1/55 2852 25/46 | 1.6/43 1.33:2 LIS | 2939
1-Axis, N-S | Average 29 34 4.1 44 42 4.4 4.1 4.1 4.0 3.8 31 2.6 3.8
Tilt=Latitude | Min/Max | 1.7/3.9 1.5/5.2 2.4/5.1 [ 29/63 3.2/54 3.1/55 | 2.9/52 2.8/52 28/51 | 2.0/52 1944 1.6/3.7|32/43
LA Average 5 1 3.5 4.1 45 45 4.7 4.4 4.2 40 39 33 2.8 39
> Min/Max | 1.9/4.2 1.5/53 24451 | 29/64 3.4/57 34/59 | 3.1/56 2954 2.8/51 2.0/53 2.0/47 1.8/4.1 ] 3.3/45
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) a1 37 8.9 14.1 18.9 233 25.6 249 21.1 14.8 9.8 4.5 14.3
Daily Minimum Temp -35 -22 24 7.0 123 17.1 19.7 19.1 15.0 8.1 33 -1.2 8.1
Daily Maximum Temp 7.6 9.6 15.3 21.1 254 285 313 30.6 21.2 218 16.3 10.1 20.4
Record Minimum Temp | -24.4 -23.3 -11.7 5.0 0.6 4.4 10.6 7.8 17 -0.1 -122  -183 | -244
Record Maximum Temp | 26.7 283 339 35.6 378 40.0 40.6 38.9 39.4 372 30.0 26.7 40.6
HDD, Base 18.3°C 504 409 293 134 34 0 0 0 13 129 257 429 2202
CDD, Base 18.3°C 0 0 0 6 51 150 224 203 96 19 0 0 749
Relative Humidity (%) 68 66 63 61 70 72 75 77 77 74 69 69 70
Wind Speed (m/s) 3.7 39 4.2 4.1 3.6 34 31 29 3.0 32 34 3.6 33
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Roanoke, VA Variability of Latitude Fixed-Tilt Radiation
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LATITUDE: 37.32° N =1 ‘I‘
LONGITUDE: 79.97° W S
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ELEVATION: 358 meters 5 °
MEAN PRESSURE: 976 millibars i 2 “F
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?2/day), Uncertainty +9%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average P 3.1 4.1 32 58 6.2 34 55 4.5 3.6 2.5 2.0 4.2
Min/Max | 2.0/2.7 25/3.7 35/46 | 44/64 5.1/64 56/69 | 51/68 49/59 37/52 | 3343 1929 1823 |4.0/44
FAtde 15 Ayerage 33 4.0 4.8 5.6 58 6.0 59 5.7 5.1 4.6 3.5 2.9 4.8
Min/Max | 2.6/40 3.0/50 4.0/55| 4670 50/65 54/68| 50/68 50/62 4.0/6.0 | 40/55 25/43 2.4/36|44/50
Tetitnne Average 3.7 4.3 5.0 5.5 55 5.6 55 33 = 4.9 3.9 34 4.8
F Min/Max | 2.8/4.6 3.1/55 4.1/58 | 45/69 47/6.1 50/62 | 47/63 48/60 39/6.1 | 42/60 2749 27/42 |45/51
Lattids 15 Average 38 4.5 4.9 3.l 49 4.8 4.8 5.0 4.9 4.9 4.1 36 4.6
¥ Y| Min/Max | 3.0/50 32/58 3.9/5.7 | 42/64 432/54 4454 | 4.1)55 44/55 37/58 | 42/6.1 27/52 2.8/45 | 43/49
90 Average 3.6 i 3.6 3yl 25 23 24 2.8 33 30 3.6 3.3 3.2
Min/Max | 2.6/46 25148 2842 | 2.6/38 2327 22/25| 2126 2573.1 2539 | 3348 2346 2542|3034
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty £9%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average | 3.3 4.3 55 6.8 7.3 7.8 74 7.0 5.9 5.0 35 2.9 5.6
Min/Max | 2.5/4.1 3.1/5.6 44/65 | 53/90 6.1/83 6.7/9.0 | 6.1/88 6.1/7.8 4.5/7.1 | 43/6.3 24/45 23/35|5.1/59
Tathode-15 Average 4.0 5.0 6.1 72 74 F 74 1.2 6.4 b 4.2 346 6.0
Min/Max | 3.0/5.1 35/66 4872|5595 6.1/84 6790 6.1/89 6.2/81 47/7.7 | 4972 28/54 2845 | 55/64
Tatitode Average 43 5.2 6.2 7.1 7.2 74 1.2 7.1 6.4 6.0 4.6 39 6.1
Min/Max | 3.2/5.6 3.6/7.0 4.8/74 | 5.4/94 59/82 6.4/86 | 5985 6179 4778 | 5176 3.0/59 3.0/49 | 56/6.5
Latitade +18 Average 4.5 2.3 6.1 6.8 6.7 6.9 6.7 6.7 6.2 6.0 47 4.1 5.9
Min/Max | 3.3/5.9 3.6/7.1 4.7/74|5.191 55/7.7 59/81 | 55/80 5875 4576 | 5176 3.062 3.1/53 | 54/63
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty 9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
A -Aaria Average 4.6 5.4 6.2 7.2 T 79 7.6 A 6.4 6.0 4.7 4.2 6.3
2 ) Min/Max | 3.3/6.0 36/7.1 48/75|5595 62/85 689.2]| 62/90 62/81 4778 | 51/7.6 3.0/62 3.1/53 | 5.8/6.7
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 200 29 311 33 33 35 33 3.2 3.0 33 2.7 25 341
Horiz Axis Min/Max | 1.7/39 15/44 2.0/39 | 1.9/51 22/41 2745 | 2344 23/38 L1741 | 2545 1439 1.6/36|2.7/34
1-Axis, N-S | Average 2.1 27 3.9 43 4.4 4.6 43 4.1 3.6 33 22 1.8 3.4
Horiz Axis Min/Max | 1.3/3.0 1542 23/46|24/67 29/54 3.5/59 | 3.1/57 3.1/50 22/49| 2.6/47 1.1/)32 1226 | 3.0/3.9
1-Axis, N-S | Average 29 45 4.1 45 43 43 4.1 42 4.0 4.1 3.1 i, 3.8
Tilt=Latitude | Min/Max | 1.9/4.3 1.9/54 27/53 | 2.6/7.0 2.8/53 33/56 | 29/54 3.1/5.1 24/54 | 32/57 1.6/45 18/3.8 | 3.4/43
8 Xsis Average 32 36 4.1 4.6 45 4.7 4.4 4.3 4.0 42 3.3 39 4.0
= Min/Max | 2.0/4.6 19/55 2.7/53 | 2.6/7.1 3.0/56 3.5/60 | 3.1/58 32/52 24/55| 32/58 1.7/47 19/4.2 | 3.545
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 1.4 29 8.2 13.1 17.8 21.9 242 237 19.8 13.6 8.0 3.0 13.2
Daily Minimum Temp -3.9 2.7 2.1 6.6 114 15.7 18.2 133 13.8 7.1 2.8 1.7 7.2
Daily Maximum Temp 6.6 8.5 143 19.6 243 28.3 30.2 29.6 25.8 20.1 14.4 8.7 19.2
Record Minimum Temp | -23.9 -17.2 -12.2 -6.7 -0.6 39 8.3 5.6 i ! 3.6 -12.8 -20.0 -23.9
Record Maximum Temp | 25.6 26.7 30.6 350 356 37.8 40.0 40.6 38.3 33.9 28.3 24.4 40.6
HDD, Base 18.3°C 526 43] 313 161 58 3 0 0 22 1537 292 460 2422
CDD, Base 18.3°C 0 0 0 4 43 111 183 166 67 11 0 0 584
Relative Humidity (%) 61 60 57 57 66 69 71 73 74 68 65 64 65
Wind Speed (m/s) 4.2 4.1 4.3 43 34 3.1 2.9 27 2.7 3.0 35 3.8 35
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Sterling, VA

WBAN NO. 93738

LATITUDE: 38.95° N

LONGITUDE: 77.45° W
ELEVATION: 82 meters
MEAN PRESSURE: 1006 millibars

STATION TYPE: Primary
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 21 29 4.0 5.0 58 6.3 6.0 5.4 44 34 2.3 1.8 4.1
Min/Max | 1.6/2.5 2.3/34 3.3/45| 42/62 52/64 55/69| 50/67 4959 4.0/51 | 2840 1827 1521|3744
t-aitinde1% Average 3.1 39 4.7 5.4 58 6.1 6.0 57 5.0 43 3.2 27 4.7
Min/Max | 2.3/3.8  3.0/4.7 3.8/54 | 44/6.7 52/6.5 54/6.8 | 4.9/6.7 5.1/63 44/59 | 34/52 23/40 23/32 | 42/50
1 afitisia Average 3.5 4.2 4.8 5.3 55 57 3.0 55 5.1 4.6 3.6 Sl 4.7
Min/Max | 2.5/43 3.1/52 3.9/57 | 43/6.6 49/6.1 4.9/63 | 4.6/6.2 4.8/60 44/6.0| 3.6/56 2445 25/3.7|43/51
Latitude +15 | Average | 3.7 43 4.7 4.9 48 49 4.9 5.0 49 4.6 17 3.3 4.5
Min/Max | 2.5/4.7 32/54 3.8/56 | 4.0/6.1 44/54 43/54 | 4.1/55 44/55 4.1/58 | 3.6/57 24/48 2.6/4.0 | 4.1/49
00 Average 34 37 3.5 3:1 2.6 2.5 2.6 29 33 37 A 3.0 %1
Min/Max | 2.2/45 2746 284.1 | 2538 2429 2327 | 2328 27/32 2840 | 2.8/45 20/43 23/38 | 2834
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty £9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
0 Average 3.0 4.1 53 6.5 T 7.8 7.4 6.8 5.8 4.6 32 25 5.4
Min/Max | 2.2/3.8 3.0/50 4.3/63 | 5.1/87 64/83 6.7/9.0 | 58/84 5878 4970 | 3.6/57 22/40 20/3.1 ) 48/58
Latitude -15 | Average 3.7 4.8 58 6.9 73 7.8 7.5 7.0 6.3 5.3 &9 B 5.8
Min/Max | 2.6/4.7 3.5/60 4.7/7.1 | 53/92 6.5/85 6.6/89 | 58/84 5981 52/76| 4.1/6.7 2550 2.6/4.0| 52/64
Tabittids Average 4.0 5.0 6.0 6.8 7.1 7.4 72 6.9 6.3 5.6 42 35 5.8
Min/Max | 2.7/5.2 3.6/64 4.7/7.2 | 52/9.1 63/82 63/8.6 | 5.6/81 5880 52/7.7 | 42/7.0 2.6/54 28/44 |53/64
Latitude +15 Average 4.2 5.1 59 6.5 6.7 6.9 6.7 6.5 6.1 5.6 4.3 3.7 57
Min/Max | 2.8/5.5 3.7/6.5 4.6/7.1 | 49/88 59/7.7 59/8.0 | 52/7.6 54/76 S5.1/75 | 42/7.0 26/56 2.5/46 | 5.1/6.3
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Gikine Average 4.3 51 6.0 6.9 7.4 T 7.6 7.1 6.3 5.6 4.3 37 6.0
; Min/Max | 2.8/5.5 3.7/65 4.7/72 | 53/92 65/8.6 6.8/9.1 | 5.9/86 5981 53/7.7| 43770 2757 2947 | 5566
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 24 27 2.9 =4 59 34 32 3.0 2.9 3.0 24 29 2.9
Horiz Axis Min/Max | 1.2/34 1340 2039|1748 2641 27/42| 1940 2038 2039 | 2.04.1 L0/3:5 L5130 | 2:5/3.3
1-Axis, N-S | Average 1.8 235 33 4.0 4.2 4.4 4.1 3.8 34 2.9 1.9 1.3 32
Horiz Axis Min/Max | 0.9/2.5 1.33.6 22/45 |22/63 34/54 3555 2553 2550 2547 | 20/41 08238 L1421 23837
1-Axis, N-S | Average 2.7 343 3.8 4.2 4.1 42 39 3.9 39 37 27 2.3 3.6
Tilt=Latitude | Min/Max | 1.4/3.7 L8 2G50 | 23066 33152 A352| 235 2551 2583 | 235051 1.2/40 1.6/3.2 | 3.1/4.1
2. Axis Average | 2.8 34 3.8 4.3 4.3 4.5 42 4.0 3.9 3.8 2.9 23 - %,
e Min/Max | 1.5/4.0 1.7/49 2.6/53 | 2.3/6.7 3.5/55 3.6/57 | 2.5/54 26/52 28/53| 25/5.1 1.2/42 1.8/3.5 | 3.2/43
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -0.8 0.9 6.2 115 16.8 2T 242 234 19.5 12.8 74 1.9 12.1
Daily Minimum Temp -6.1 -4.8 -0.1 4.6 10.0 8.4 17.8 17:1 13.0 58 1.2 -3.4 58
Daily Maximum Temp 4.5 6.6 12.6 18.4 235 28.2 30.6 97 26.1 19.8 137 T2 184
Record Minimum Temp | -27.8 -25.6 -14.4 -8.3 -22 22 5.0 33 =11 -9.4 -12.8 -20.0 -27.8
Record Maximum Temp | 23.9 26.1 317 333 36.1 37.8 40.0 40.0 372 399 28.9 25.6 40.0
HDD, Base 18.3°C 592 488 376 205 78 4 0 0 24 177 327 510 2781
CDD, Base 18.3°C 0 0 0 0 29 10 183 158 59 7 0 0 541
Relative Humidity (%) 68 66 63 62 70 72 73 74 75 i 70 69 70
Wind Speed (m/s) 3.7 38 4.1 3.9 34 3.0 2.8 2.6 27 3.0 3.4 33 34
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